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Abstract
There are currently no international guidelines regarding treatment in the early rehabilitation phase for persons
with severe traumatic brain injury (TBI), and only a few studies have investigated the effect of integrating
rehabilitation into acute TBI care. The aim of the study was to evaluate whether a continuous chain of reha-
bilitation that begins with the acute phase could improve the functional outcome of severe TBI patients, com-
pared to a broken chain of rehabilitation that starts in the sub-acute phase of TBI. A total of 61 surviving patients
with severe TBI were included in a quasi-experimental study conducted at the Level I trauma center in Eastern
Norway. In the study, 31 patients were in the early rehabilitation group (Group A) and 30 patients were in the
delayed rehabilitation group (Group B). The functional outcomes were assessed 12 months post-injury with the
Glasgow Outcome Scale Extended (GOSE) and the Disability Rating Scale (DRS). A favorable outcome (GOSE 6–
8) occurred in 71 % of the patients from Group A versus 37 % in Group B ( p = 0.007). The DRS score was
significantly better in Group A ( p = 0.03). The ordinal logistic regression analysis was used to quantify the
relationship between the type of rehabilitation chain and the GOSE. A better GOSE outcome was found in
patients from Group A (unadjusted OR 3.25 and adjusted OR 2.78, respectively). These results support the
hypothesis that better functional outcome occurs in patients who receive early onset and a continuous chain of
rehabilitation.
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Introduction
During the past few decades, an increasing number ofpatients survive after severe traumatic brain injury
(TBI). These patients display functional disabilities and injury-
related neurological impairments with prolonged periods of
recovery (Andelic et al., 2008; Sigurdardottir et al., 2009; von
Wild, 2006). Recently, there has been an increased focus on the
outcomes of severe TBI cases and the effectiveness of reha-
bilitation in improving physical, cognitive, psychosocial, and
functional outcomes (Greenwood et al., 2004; Lippert-Gruner
et al., 2007a; Shiel et al., 2001). The rehabilitation process fol-
lowing severe TBI is characterized by three phases: early re-
habilitation in regional Level I trauma hospitals, specialized
inpatient rehabilitation in the sub-acute phase of TBI, and
post-acute community-based rehabilitation (Mazaux and Ri-
cher, 1998). Even small delays in comprehensive rehabilita-
tion have been shown to have a negative effect on functional
outcomes after severe TBI (Tepas et al., 2009). According to
recent research, rehabilitation after severe TBI should start in
the acute phase of hospital care to optimize patients‘ out-
comes and recovery potential (Khan et al., 2002). There have
been several studies of early rehabilitation after severe TBI
that support the benefit of early interventions (Engberg et al.,
2006; Greenwood et al., 2004; Mackay et al.,1992; Mammi
et al., 2006; Sorbo et al., 2005). Mackay and associates (1992)
1Department of Physical Medicine and Rehabilitation, 3Department of Neurosurgery, and 4Department of Acute Medicine, Intensive Care
Unit, Oslo University Hospital Ulleval, Oslo, Norway.
2Faculty of Medicine and 6Department of Psychology, University of Oslo, Oslo, Norway.
5Sunnaas Rehabilitation Hospital, Nesoddtangen, Norway.
7Oslo University College, Oslo, Norway.
8Rehabilitation Clinic, Sørlandet Hospital, Kristiansand, Norway.
9Faculty of Health and Sport Sciences, Agder University, Kristiansand, Norway.
JOURNAL OF NEUROTRAUMA 29:66–74 (January 1, 2012)
ª Mary Ann Liebert, Inc.
DOI: 10.1089/neu.2011.1811
66
concluded that ‘‘aggressive rehabilitation during acute hos-
pitalization’’ contributed to a shorter total rehabilitation stay
for the group that received acute rehabilitation. They also
observed a greater functional capacity in the group that re-
ceived early treatment, which resulted in a higher employ-
ment rate for that group. Khan and associates (2002) reported
that implementation of an integrated TBI program reduced
the average hospital stay from 30.5 to 12 days. A Swedish
study (Sorbo et al., 2005) concluded that an effective combi-
nation of medical and rehabilitation efforts resulted in shorter
hospital stays and produced a good outcome/living situation
for patients with severe brain damage (TBI or subarachnoid
hemorrhage). A Danish study found that centralized reha-
bilitation after severe TBI resulted in better outcome com-
pared to historical data from decentralized rehabilitation
(Engberg et al., 2006). These studies were, however, limited by
being either non-randomized controlled trials, or by their
retrospective/cross-sectional design. Additionally, most of
these studies included few participants.
Previously, the majority of patients in Norway with severe
TBI received specialized inpatient TBI rehabilitation in the
later phases, because of the belief that patients have to reach a
specific level of responsiveness to benefit from the treatment,
or because the demand exceeded the number of beds that
were available. Therefore, patients have spent much time
waiting to be admitted to specialized rehabilitation units
(Shiel et al., 2001). Recommendations have been made by the
Norwegian Health Authorities to reinforce the primary
management and rehabilitation offered to these patients
(http://www.helsedirektoratet.no/IS-1279). In 2005, a pro-
gram for early interdisciplinary rehabilitation was inte-
grated into the acute care of TBI, and established in the Early
Rehabilitation Section of the Intensive Care Unit (ERSICU),
Level I trauma center at Oslo University Hospital (OUH), in
conjunction with other sub-acute rehabilitation departments
(Hanoa and Alvsaker, 2008). The capacity of the program has
been limited, and covered* 50% of the population of severe
TBI patients admitted to the ICU. The primary intention of
admissions policy was an ‘‘available bed principle’’. The
program described in this study was based on intervention
at the early onset, followed by a continuous chain of treat-
ment. The program was inspired by the centralized TBI
rehabilitation program in Denmark (Engberg et al., 2006)
and the early formalized rehabilitation program in Sweden
(Sorbo et al., 2005). The aim of these programs was to stim-
ulate neuronal reorganization and functional recovery as
early as possible.
However, there are currently no accepted international
guidelines for early rehabilitation treatment for severe TBI,
and only a few studies have investigated the effect of inte-
grating rehabilitation into the acute care of TBI in a Level I
trauma center (Choi et al., 2008; Greenwood et al., 2004;
Mackay et al., 1992). In a retrospective study of acute reha-
bilitation after TBI, Greenwood and associates (2004) com-
pared the use of targeted resources in 92 patients who
received multidisciplinary acute rehabilitation with patients
who were transferred to their referring hospitals. According
to the procedures, they were usually sent to the orthopedic or
general surgical units. The conclusion of the study is that
length of stay in the acute treatment program was not pro-
longed compared to that of patients who received the
treatment-as-usual. In a recently published prospective
study by Choi and associates (2008), 135 consecutive survi-
vors of severe TBI were studied in a multimodal early re-
habilitation unit at a Level I trauma center. Almost two
thirds of the patients improved and had a good clinical
outcome, and one third reached independence in the activ-
ities of daily living. The study concludes that early rehabil-
itation of patients with severe TBI had a beneficial effect.
According to Choi and associates (2008), further investiga-
tion of the long-term outcomes after severe TBI and com-
parative studies of the concept of early rehabilitation in an
ICU were needed.
The aim of this study was to evaluate whether the early
onset of a continuous chain of rehabilitation starting in the
acute phase could improve the functional outcomes of pa-
tients with severe TBI, as compared to a broken chain of re-
habilitation starting in the sub-acute phase of TBI. Based on
previous research, it was expected that patients who received
early rehabilitation would show evidence of better functional
outcomes 12 months post-injury.
Methods
This prospective cohort study was part of a larger TBI re-
search project that included patients with acute TBI admitted
to Level I trauma center for the southeast region of Norway
(OUH) over a period of 2 years (2005–2007). The inclusion
criteria were patients who 1) were aged 16–55 years, 2) re-
sided in the southeast region of Norway, 3) were admitted
with ICD-10 diagnoses S06.0–S06.9 within 24 h of injury, 4)
had Glasgow Coma Scale (GCS) (Teasdale and Jennett, 1974)
between 3 to 8 before intubation, 5) were in need of neu-
rointensive care (i.e., neuromonitoring to optimize conditions
for neuronal survival) for at least 5 days, and 6) survived the
first year after the injury. We excluded patients with serious
comorbidities that could interfere with the assessment of TBI-
related disabilities, such as 1) previous neurological disorders,
2) associated spinal cord injuries, 3) intentional trauma, and 4)
previously diagnosed psychiatric and substance abuse dis-
orders.
The ethical justification for randomizing patients seemed
untenable for researching the acute care of patients with se-
vere TBI (Kompanje, 2007). Therefore, we used a quasi-
experimental study design, including all patients fulfilling the
inclusion criteria. In general, the capacity (available bed
principle) determined the assignment to whether the patients
were admitted to ERSICU (group A) or not (group B). The
admission of patients with severe TBI is unpredictable. Hence
there may have been periods when several patients competed
for the beds available. Although no formal selection criteria
were given, we could not rule out selection biases related to
advanced age and comorbidity. Hence, we applied narrow
inclusion criteria in order to reduce the selection bias in the
study design (described previously).
Patients in Group A received early comprehensive reha-
bilitation in the ERSICU during acute TBI hospitalization. The
ERSICU was based on collaboration between the departments
of intensive medicine, neurosurgery, and rehabilitation.
When the patients’ medical conditions were sufficiently sta-
ble, they were transferred directly to Sunnaas Rehabilitation
Hospital (eastern region) or to Rehabilitation Clinic in Kris-
tiansand (southern region) for further sub-acute brain injury
rehabilitation (continuous chain of treatment). The primary aim
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of early rehabilitation after severe TBI was to offer treatment
that focused on reducing the extent of the brain injury, pre-
venting complications, and promoting functional recovery
through multisensory stimulation performed by an interdis-
ciplinary rehabilitation team integrated in acute care. The
early rehabilitation program was based on three different
concepts that were originally proposed by Affolter (organi-
zation of sensory input) (Affolter, 1981), Bobath (stimulation
of normal movement, function and control) (Bobath, 1959)
and Coombes (retraining functions of the face and mouth)
(Coombes, 2001) which were also called the ABC components.
As reported by Kleffelgard and associates (2008), Affolter
guiding was the most time-consuming component used for a
mean of 45 min per day. A mean of 30 min was used for the
other two components.
Patients in Group B did not receive early comprehensive
rehabilitation, but received either inpatient brain injury re-
habilitation in sub-acute rehabilitation departments after a
waiting period at a local hospital or nursing home, or received
no inpatient rehabilitation at all (broken chain of treatment).
The primary aim of specialized inpatient rehabilitation in the
sub-acute phase of TBI was to reduce impairment, increase
functional independence, restore social participation, and
minimize the distress of the patient as well as of the caregiv-
ers. There was a particular focus on the personal and domestic
activities of daily life. As described in another study, all of the
patients received a minimum of 2–3 h of daily individual
treatment included physiotherapy, occupational therapy,
speech therapy, cognitive training, nutrition, dietary services,
and psycho-social support (Sandhaug et al., 2010).
A flow chart of the inclusion is presented in Figure 1. In all,
132 patients were assessed for eligibility. Eleven percent re-
fused participation in the study, 15% were excluded because
of comorbid conditions, 17% died, and 8% were excluded
because they did not need a minimum of 5 days of neu-
rointensive care. The remaining 49 % of the patients were
included in the study. Three patients dropped out of the study
before the 12-month follow-up. Therefore, 61 patients were
assessed in the study (31 patients were in Group A and 30
were in Group B).
The study was approved by the Regional Committee for
Medical Research Ethics, East Norway and the Norwegian
Data Inspectorate.
Procedure
Demographic variables (age, gender, education, marital
status, employment) and clinical features (GCS, pupils, oxy-
gen saturation, and mean arterial pressure before intubation),
Injury Severity Score (ISS) (Baker et al., 1974), head CT scan,
and the rates of intracranial pressure (ICP) monitoring and
intracranial surgeries were collected during acute TBI ad-
mission. The severity of the injury was based on structural
brain damage found on a CT scan according to the Marshall
classification (Marshall et al., 1992) and ISS. At 12-month
follow-up, patients were interviewed and examined by the
first author in the outpatient clinic or in the rehabilitation
hospital, where they had been admitted for a clinical follow-
up assessment.
Structural brain damage. The patients were examined by
head CT scan shortly after acute admission. A second head CT
scan was performed within 6 to 24 h after injury. Findings
from the first and second head CT scans were categorized
according to the procedures in Marshall and associates
(Marshall et al., 1992). Scores from the worst head CT scan
were used in this study. A single neuroradiologist reviewed
the CT findings. The original Marshall classifications range
from 1 to 6, with separate categories for any lesion that was
surgically evacuated and any non-evacuated mass lesions.
For the purposes of the study, the head CT findings were
divided into two groups: less severe brain injury (no intra-
cranial injuries and small lesions, Marshall score 1–2) and
more severe brain injury (significant intracranial abnormali-
ties, Marshall score 3–6).
ISS. The ISS is an anatomical scoring system that provi-
des an overall score for patients with multiple injuries (Baker
et al., 1974). Each injury was assigned an Abbreviated Injury
Scale (AIS) score that classified individual injuries according
to body regions with a 6-point ordinal severity scale (Asso-
ciation for the Advancement of Automotive Medicine, 1998).
The ISS scores ranged from 1 to 75 (best to worst) and were
calculated from the sum of the squares of the highest AIS
scores in the three most injured body regions. An ISS of ‡ 15
was universally accepted as the definition for a major trauma.
AIS and ISS scores were determined from the hospital’s
trauma register (Skaga et al., 2006).
Outcome measures
The primary outcome measure was the Glasgow Outcome
Scale Extended (GOSE) (Wilson et al., 1998), which was as-
sessed 12 months post-injury. The GOSE divided patients into
the following outcome categories: 1 =dead, 2= vegetative
state, 3= lower severe disability and complete dependence on
others, 4=upper severe disability and some dependence on
FIG. 1. Flow chart for patients (age 16–55 years) included
in the study.
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others, 5= lower moderate disability and working at a lower
level of performance, 6 =upper moderate disability and re-
turning to previous work with some adjustments, 7= lower
good recovery with minor physical or mental deficits, and
8 =upper good recovery. The GOSE outcomes were split into:
unfavorable (2–5) and favorable (6–8). The GOSE was ad-
ministrated in a structured face-to-face interview conducted
by the first author.
The secondary outcome measures included the Disability
Rating Scale (DRS) (Rappaport, 2005), the patient’s employ-
ment status and the living situation 12 months post-injury.
The DRS scale measured the levels of arousal, awareness, and
responsiveness (including eye opening, communication abil-
ity, and motor response); cognitive ability for self-care activ-
ities (such as feeding, using the toilet, and grooming);
dependency on others (level of functionality); and psychoso-
cial adaptability (employability). The scores on the DRS items
included values from 0 to 29 (low to high level disability) and
were categorized by the following disability categories:
0 =none, 1=mild, 2–3=partial, 4–6 =moderate, 7–11 =mod-
erately severe, 12–16 = severe, 17–21 = extremely severe, 22–
24 = vegetative state, and 25–29 = extreme vegetative state.
Both categorized and dichotomized DRS (dichotomized at the
median value) were used. The first author scored the DRS.
Employment status at 12 months post-injury was dichoto-
mized into: full- or part-time work versus not working. Stu-
dents were regarded as full or part-time employees. Living
situations were categorized as: living at home without assis-
tance, living at home with assistance or living in a nursing
home.
Statistical analyses
Descriptive data were presented using the proportions and
mean values with standard deviations (SD), or the median
with the interquartile range (IQR) (for the 25th and 75th
percentile values). The Mann–Whitney U test was used to
compare differences between Group A and Group B regard-
ing gender, length of hospital stays, and post-traumatic am-
nesia (PTA). T tests were used for analyzing differences in age,
GCS, AIS, ISS and DRS. The v2 test with contingency tables
was applied to study associations between categorical inde-
pendent variables.
Ordinal logistic regression analyses (proportional odds)
were used to evaluate the relationship between early reha-
bilitation and functional outcome 12 months post-injury. The
two groups of patients that were studied were entered as an
explanatory variable and analyzed separately (unadjusted
OR) against the dependent variable GOSE. For the purpose of
this analysis, GOSE was reclassified into a variable of three
categories: severe disability (GOSE score 2–4), moderate dis-
ability (GOSE score 5–6), and good recovery (GOSE score
7–8). Possible confounding variables were studied with mul-
tivariate regression analysis (adjusted OR). These variables
were age, severity of structural brain injury, and length of
rehabilitation stay. Head CT scans were classified as less se-
vere versus more severe brain injury by using the Marshall
classification. The model was controlled by the proportional
odds assumption test. The Pearson and deviance goodness-
of-fit statistics were computed. Before conducting the logistic
regression analysis, possible multicollinearity was examined.
All statistical tests were two-sided, and the 5% significance
level was used. Statistical analyses were performed using
SPSS for Windows, version 15 (SPSS Inc, Chicago, IL).
Results
Demographics, injury characteristics,
and clinical features
The demographic and injury characteristics of Groups A
and B are listed in Table 1. There were no statistically signif-
icant differences between the groups regarding demograph-
ics, cause of injury, clinical characteristics observed at the site
of the injury (before intubation), and structural brain injury
assessed by CT scans. However, patients in Group A were
more frequently treated with intracranial surgery because of
mass lesions in the brain ( p = 0.09). The length of stay in the
ICU at OUH was similar in both groups (the Group A median
was 12 days versus 13.5 days in Group B) as shown in Table 1.
Early rehabilitation in Group A began at a median of 12 days
after the injury (IQR 8). The median length of stay in the
ERSICU was 14 days (IQR 8.5) for Group A. The median
length of stay in a local hospital was 39 days (IQR 35) for
Group B. In Group B, the waiting time for inpatient brain
injury rehabilitation ranged from 6 to 57 days. In Group A, the
total length of stay in acute hospitals had a median that was 17
days shorter than the stays for Group B. The total length of
inpatient rehabilitation stay had a median that was 29 days
shorter in Group A, but this difference did not reach statistical
significance.
Functional level 12 months post-injury
The mean GOSE in the study was 5.4 (SD 1.3) and the
median was 6 (range 2–8). Of all the patients, 16.4% achieved
good recovery levels (GOSE 7–8), 64% had moderate dis-
ability (GOSE 5–6), 18% had severe disability (GOSE 3–4) and
1.6% was in a vegetative state (GOSE 2). Of all the patients,
54% had a favorable functional outcome (GOSE 6–8) 12
months post-injury. One patient in Group A was in a vege-
tative state and two were at the lower level of severe dis-
ability. In contrast, none of the patients in Group B remained
in a vegetative state, but five patients were at the lower severe
disability level. Better global functioning, assessed by GOSE,
was found in Group A (v2 13.9, df 6, p= 0.03), (Fig. 2). A fa-
vorable outcome (GOSE 6–8) was found in 71% of the patients
in the early rehabilitation group (Group A) and 37% in group
B (v2 7.22, df 1, p= 0.007).
The mean DRS score in the study was 4.7 (SD 5.6) and the
median was 3 (IQR 4.5). Of all the patients, 11.5% had no
disability and 20% had severe disability at the 12-month fol-
low-up. The functional level, as measured by DRS, was sig-
nificantly better in Group A ( p= 0.03), (Fig. 3). The median
DRS in Group A was within the range of partial disability
(2.0), whereas the median in Group B was within the range of
moderate disability (4.0) ( p= 0.03).
Of all the patients, 67% were living at home with no as-
sistance from the community, and 15% were living at home
with assistance. Eighteen percent of the patients were residing
in nursing homes 12 months post-injury with severe disabil-
ity, according to GOSE (score 2–4). In Group A, 81% of pa-
tients were living at home and 13% were living in nursing
homes. In Group B, 53% were living at home, and 23% were
living in nursing homes (v2 5.56, df 2, p= 0.06).
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Table 1. Demographics, Injury Characteristics, and Clinical Features of Patients with Continuous
Chain of Treatment (Early Rehabilitation, Group A) and Patients with Broken Chain
of the Treatment (Delayed Rehabilitation, Group B)
Variables Group A (n = 31) (%) Group B (n = 30) (%) p-value Total (n = 61) (%)
Gender 0.94
Male 24 (77) 23 (76) 47 (78)
Female 7 (23) 7 (24) 14 (22)
Age (mean, SD) 27.7 (10.9) 31.2 (11.7) 0.24 29.4 (11.4)
Marital status 0.64
Married/living with 22 (71) 19 (63) 41 (67)
Living alone 9 (29) 11 (37) 20 (33)
Education (years) 0.22
£ 12 21 (68) 16 (53) 37 (61)
> 12 8 (26) 11 (37) 19 (31)
Missing 2 (6) 3 (10) 5 (8)
Employed 0.15
No 3 (10) 8 (27) 11 (18)
Yes 28 (90) 22 (73) 50 (82)
Cause of injury 0.20
Traffic accidents 19 (61) 23 (77) 42 (67)
Others 12 (39) 7 (23) 19 (31)
Substance use at the injury timea 0.44
No 19 (63) 16 (53) 35 (58)
Yes 11 (37) 14 (47) 25 (42)
Glasgow Coma Scale (GCS) (Mean, SD) 5.3 (1.9) 5.0 (1.7) 0.60 5.2 (1.8)
Dilated pupils 0.81
No 15 (48) 17 (57) 32 (52)
Yes 16 (52) 13 (43) 29 (48)
Hypoxemia (oxygen saturation £ 90 %) 0.78
No 20 (64) 21 (70) 41 (68)
Yes 11 (37) 9 (30) 20 (22)
Hypotension (mean arterial pressure £ 60 mm Hg) 0.95
No 25 (81) 24 (80) 49 (80)
Yes 6 (19) 6 (20) 12 (20)
Injury Severity Score (ISS) 0.43
(Mean, SD) 36.3 (11.5) 35.1 (10.5) 35.7 (10.9)
Abbreviated Head Injury Scale (AIS Head) 0.55
(Mean, SD) 4.8 (0.5) 4.8 (0.5) 4.8 (0.5)
CT head (Marshall classification) 0.38
< 3 (less severe injury) 5 (16) 7 (23) 12 (20)
‡ 3 (more severe injury) 26 (84) 23 (77) 49 (80)
Post-traumatic amnesia (PTA) (days)b 0.39
Median, (IQR) 37.5 (23) 31 (60) 37.5 (28)
Type of injury 0.20
TBI 11 (35) 10 (33) 21 (34)
TBI with associated injuries (AIS ‡ 2) 20 (65) 20 (67) 40 (67)
Intracranial pressure monitoring (ICP) 0.10
No 1 (3) 5 (16) 6 (10)
Yes 30 (97) 25 (82) 55 (90)
Intracranial surgery 0.09
No 13 (42) 19 (63) 32 (53)
Yes 18 (58) 11 (37) 29 (47)
Length of ICU stay, Level I trauma center (days) 0.34
Median (IQR) 12 (10) 13.5 (10) 13 (11)
Length of total acute hospital stay (days) 0.06
Median (IQR) 27 (22) 44 (39) 29 (32)
Length of in-hospital rehabilitation stay (days) 0.35
Median (IQR) 54 (36) 83 (84) 59 (46)
Length of total hospital stay 0.07
Median (IQR) 88 (48) 123.5 (109) 103 (66)
aSubstance use: n = 60; Group A n= 30, Group B n= 30.
bPTA n= 51; Group A n = 27, Group B n = 24.
IQR, interquartile range; ICU, Intensive Care Unit.
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Thirty-four percent of the patients had returned to work 12
months post-injury (14% full time and 20% part time). Of
those who achieved a GOSE level that indicated good recov-
ery, 80% returned to work. The frequency of returning to
work was 39% in Group A (16% in full-time work), and 27%
in Group B (6% in full-time work).
Association between early rehabilitation onset
and functional outcome 12 months post-injury
The ordinal logistic regression analyses included all the
patients (Table 2). In the unadjusted regression model, Group
A had a significantly increased probability of a better global
functional outcome (unadjusted OR 3.25; 95% CI [1.08-9.87],
p = 0.03). The trend of the increased probability of a better
outcome in Group A was also upheld when the model was
adjusted for age (OR 2.85) and in the final regression model
adjusted for age, severity of the structural brain injury, and
length of the stay in rehabilitation hospitals (OR 2.78). Test of
the parallel lines indicated that we had not violated the
proportional odds assumption of the final model ( p = 0.24).
The p-value for the Pearson goodness-of-fit test ( p= 0.76) in-
dicated that the model fit well.
Better outcomes in Group A were also found with an or-
dinal logistic regression analysis that used DRS as a depen-
dent variable as well as the same covariates used in the GOSE
model (results not shown).
Discussion
This study evaluated two different types of rehabilitation
approaches in the early phase of severe TBI with a quasi-
experimental study design. The results indicated that there
was a better functional outcome for patients who received the
combination of early rehabilitation and a continuous chain of
treatment. Patients who received early care in other institu-
tional settings and delayed admission to inpatient brain injury
rehabilitation centers had poorer outcomes.
Demographics, injury characteristics,
and clinical features
The demographic variables of all the included patients
were comparable to other studies of severe TBI (Lippert-
Gruner et al., 2007a). No statistically significant differences
were found in the demographic variables between Groups A
and B. The groups were also comparable for injury severity
variables such as GCS, pupil condition, hypoxemia, hypo-
tension, AIS head, ISS, intracranial pathologies on the worst
CT scan findings within 24 h, and the rate of ICP monitoring/
intracranial surgery.
Patients who received early rehabilitation in this study
(Group A) had a shorter stay in both the acute (17 days) and
rehabilitation hospitals (29 days) as well as a shorter total
hospital stay (35 days). However, these results were not sta-
tistically significant, most likely because of the small sample
size.
The median length of stay in the ICU/ERSICU was shorter
than the lengths of stay reported in previous studies (Green-
wood et al., 2004), which probably occurred because of the
efficiency of both the neurointensive care and the integrated
chain of treatment. Delays in in-hospital rehabilitation in
Group B ranged from 6 to 57 days, which was considerably
lower than the waits before 2005 when patients had delays of
3–6 months before receiving inpatient rehabilitation. This re-
duction in the waiting period was probably the result of the
reinforced rehabilitation efforts in specialized rehabilitation
FIG. 2. Global functional outcome of patients with early
rehabilitation (Group A) and patients with delayed rehabil-
itation (Group B) at 12 months post-injury as measured by
Glasgow Outcome Scale Extended (GOSE).
FIG. 3. Functional level of patients with early rehabilitation
(Group A) and patients with delayed rehabilitation (Group
B) at 12 months post-injury as measured by Disability Rating
Scale (DRS).
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hospitals according to recommendations by the Norwegian
Health Authorities.
Functional level 12 months post-injury
Global functioning, as measured by the mean value of
GOSE 12 months post-injury, was within the moderate dis-
ability range. The proportion of patients with favorable out-
comes (75%) was slightly lower in our study than in a German
study of patients who received multidisciplinary early reha-
bilitation treatment (84%) (Lippert-Gruner et al., 2007a).
However, 87% of the patients in Group A showed good re-
covery/moderate disability 12 months post-injury, which
was similar to the findings in the German study (Lippert-
Gruner et al., 2007a).
The functional level 12 months post-injury, as measured by
DRS, was within the range of moderate disability for all of the
patients. At the group level, there was a significant advantage
in the early rehabilitation group. The proportion of partial
disability (DRS scores 2–3) shown in Group A (33 %) was
similar to a previous Italian study on early rehabilitative
treatment in patients with severe TBI (Mammi et al., 2006).
The living situations and employment status of the patients
12 months post-injury reflected their functional levels. Better
outcomes occurred in Group A for both the return to work
rates and living situation. However, the rates of work re-entry
were considerably lower when they were compared to the
employment rate at the time of injury. The results were
roughly comparable to other studies of severe TBIs at the 12-
month follow-up point (Lippert-Gruner, et al., 2007a; Mammi
et al., 2006). In a Danish study (Blicher et al., 2007), 4 % of
patients returned to their regular occupation 12 months post-
injury, in contrast to 16 % of patients in Group A who returned
to work.
Early rehabilitation and functional outcome
We hypothesized that the patients who had received early
rehabilitation would show evidence of better functional out-
comes 12 months post-injury. As expected, better functional
outcomes were found at a 12-month follow-up in the group
that received early rehabilitation. There was also increased
probability of a better outcome in Group A, when the model
was controlled for variables that could affect the results (age,
severity of injury, and total length of rehabilitation). The age
variable negatively influenced functional outcome, in agree-
ment with other studies (Maas et al., 2008). Neither brain
injury severity nor the length of rehabilitation stays con-
founded the results in the adjusted logistic regression model,
and additional tests revealed that the model was a good fit.
We used head CT scans to determine the brain injury severity
variable through the assessment of structural brain damage.
To note, CT scans are not influenced by state of consciousness,
unlike GCS, which might be obscured in acute settings be-
cause of substance use at the time of injury, medical sedation,
or paralysis (Maas et al., 2008).
Our results support other studies that suggest that early
rehabilitation is broadly beneficial for severely brain injured
patients (Choi et al., 2008). However, the studies included in
the Cochrane review by Turner-Stokes and associates (2005)
failed to address the impact of early rehabilitation. This could
be partially explained by ethical problems of randomizing
patients from vulnerable populations such as patients with
severe TBI. There is a general lack of evidence for establishing
the causal effect of early rehabilitation on promoting the re-
covery of a damaged brain (Zhu et al., 2007). Biochemical and
anatomical plasticity of the brain and natural recovery pro-
vide the foundation for rehabilitation interventions to en-
hance the functional recovery in patients with brain injuries
(Elliott and Walker, 2005). Experimental studies of animals
(Oliff et al., 1998) and studies of patients with stroke (Liepert
et al., 2000) demonstrated that brain plasticity is activity dri-
ven, and that the potential to enhance brain plasticity and
improve functional recovery is greater in the early stages of
recovery after injury (Zhu et al., 2007). Motor activity can
positively influence the expression of brain-derived neuro-
trophic factor (BDNF), which has a neuroprotective influence
on the damage of the neurons as well as on neuronal survival
(Oliff et al. 1998). An experimental early rehabilitation model
showed that types of housing that provided animals with an
enriched environment led to a clear functional increase in
neuromotor function and reduced neural loss compared to
animals in standard housing (Lippert-Gruner et al., 2007b).
Another study evaluated the effects of acute and delayed
exercises following experimental TBI in rats (Griesbach et al.,
2004). The results suggested that voluntary exercise can en-
dogenously upregulate BDNF and enhance recovery after TBI
(14–20 days after). However, when exercises were adminis-
trated too soon after TBI (0–6 days after) the molecular
response to exercise was disrupted and the recovery was
delayed.
In our study, early rehabilitation integrated with ICU
treatment and administered from a median of 12 days
Table 2. Association between Early Rehabilitation Onset and Functional Outcome as Measured
by Glasgow Outcome Scale Extended (GOSE): Ordinal Logistic Regression Analyses
Rehabilitation
groups n
Severe
disability
n (%)
Moderate
disability
n (%)
Good
recovery
n (%)
Proportional OR
unadjusted
(95 % CI)
p-value
Proportional OR
adjusted for age
(95 % CI)
p-value
Proportional OR adjusted
for age, CT findings, length
of rehab. stay
(95 % CI) p-value
Group A 31 4 (13) 19 (61) 8 (26) 3.25 (1.08-9.87) 2.85 (- 1.07-8.16) 2.78 ( - 1.15-8.84)
p = 0.03 p = 0.06 p= 0.08
Group B 30 8 (27) 20 (66) 2 (7) Reference
Group A: early rehabilitation group; Group B: delay rehabilitation group; Severe disability: GOSE score 2-4; Moderate disability: GOSE
score 5-6; Good recovery: GOSE 7-8; OR: (odds ratio). OR> 1 increases the probability of favorable functional outcome. OR< 1 decreases the
probability of favorable outcome.
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post-injury might have influenced brain plasticity and sped
up the recovery process. Furthermore, this study indicated
that early rehabilitation led to shorter hospital stays and better
functional outcomes 12 months after the injury (Zhu et al.,
2007). Hoffman and Von Wild demonstrated that early re-
habilitation in combination with intensive care treatment
contributes to preserving the rehabilitation potential of the
brain (Hoffmann and von Wild, 2002).
Different programs for early rehabilitation after TBI have
been previously studied including multimodal early onset
stimulation (Gruner and Terhaag, 2000) and multimodal early
rehabilitation (Choi et al., 2008). However, there is still un-
certainty regarding which component(s) of these programs
that are the most important (Borg et al., 2011). The results of
this study support a clinical management model integrating
both acute and sub-acute care of subjects with severe TBI, and
providing neurointensive care and comprehensive early re-
habilitation ensuring continued treatment in the later stages of
the rehabilitation process. This program design reflects the
current trends in the organization of rehabilitation services
after moderate and severe TBI in Scandinavia (Borg et al.,
2011).
Several limitations should be considered when interpreting
the results of this study. First, this was an age-selected cohort
study of a severe TBI population (16–55 years). Second, a
quasi-experimental study design cannot eliminate the possi-
bility of confounding bias caused by unmeasured confound-
ers. However, the groups are equal with respect to the most
important well-known predictors for outcome in TBI, thus
lending support to the validity of our findings. Third, we
excluded patients with comorbidities that interfered with the
assessment of TBI-related disabilities (such as previously di-
agnosed neurological, psychiatric, and substance abuse dis-
orders) to reduce the possible bias of the clinician selection
approach; hence, results may not be generalized to these pa-
tients. Fourth, the small sample size in this study limited the
number of covariates that could be controlled for in a multiple
regression analyses, but also the distinction among the dif-
ferent degrees of severity within severe TBI. Nevertheless, our
study is one of the few prospective studies in this field that has
investigated early rehabilitation in the acute care of TBI pa-
tients at a Level I trauma center, and provided a comparison
of two different treatment approaches.
Conclusion
The results of this study support the hypothesis that severe
TBI patients who received early comprehensive rehabilitation
in a continuous chain of treatment had better functional out-
comes 12 months post-injury. Further studies on the long-
term outcomes and cost effectiveness of early rehabilitation
after severe TBI are required. In addition, studies of the ef-
fectiveness of specific rehabilitation efforts are needed.
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